This paper deals with hydraulic active suspension br wheeled hydraulic excavator. In this study, a combined control method for both the posture keeping and the vibration elimination is proposed, and verified in experiment. The posture keeping control is realized by a variable stiffness control, and the vibration control is based on the skyhook damping theory. The result shows that the control can not only well eliminate the vibrationon the body of the excavator during its high speed moving, but also well keep the posture of the chassis horizontal while the excavator is in digging or swing operation.
INTRODUCTION
Wheeled hydraulic excavator is appreciated for its mobility. However, the current model of this kind of excavator has no suspension system, the operator has to be frequently subjected to a large terrain-induced whole body vibration while the excavator is in moving.
To improve the operation performance and the condition of the operator, it is no doubt a good solution to add a suspension systems just like that used in the vehicle like truck or car. The ordinary vehicle often uses passive suspension system, and it is effective for eliminating the vibration. But for excavator, as its front system, i.e., boom, aim and bucket are moved and swung, its gravity center is changed in a large range, the passive suspension system can not adapt itself to such a large change, and so can not keep the attitude of chassis in horizontal during operation. And the gravity center of the excavator is rather high, the changing of the gravity center will increase the risk of overwhelm. For the reason above, active suspension system is found to be necessary fpr the wheeled excavator.
HYDRAULIC ACTIVE SUSPENSION
The wheeled excavator often use hydraulic system for its Fluid Power. Third JHPS International Symposium (c) 1996 JHPS. ISBN4-931070-03-5 front system operation, it is nature to use hydraulic active suspension in this study.
The experiment is executed with a wheeled hydraulic excavator of 10(t) class. Fig. 1 shows the whole side view of excavator and front view of suspension part. Suspension system is set between chassis and axle. Since the axle is attached directly to the chassis in the current model, it is necessary to detach the axle from the chassis to make the suspension system become effective. A link system is set between the chassis and the axle. The link system changes the bite that acts at axle in axial direction ,to that acts in vertical direction. As the result , it increases the stiffness between the chassis and the axle in the wheel axial direction. The suspension systems composed of leaf springs and hydraulic cylinder are set for all the bur tires. The function of the active suspension is implemented by the cylinder which is set between the chassis and axle. the distance between the chassis and axle. In the model, a stiffness adjustable spring,which refers to one function of the cylinder, is set in parallel with a fixed spring-damper, which refers to the leaf spring in the suspension. Fig.5 shows the block diagram of the control system for the stiffness control. There are two control loops in Fig.5 , the inner one is pressure control and the outer one is the distance control. The distance between the chassis and axle is fed back, and eq(1) can be obtained (1) where, Pref is the reference pressure fpr the pressure control in the inner loop. Lref is the reference distance determined according to the posture ofthe excavator. K is taken as the stiffness which can be adjusted by the controller, it can be expressed as (2). (2) Ks is adjusted according to the Pms,Lmes.
And the change of the Pref causes the movement of the cylinder piston and so the distance between the chassis and axle can be adjusted.
For example, if the difference del _L is positive, the stiffness K is then increased, that causes the increase of the reference pressure Pref in hydraulic cylinder. Since the rekrence pressure Pref is proportional to the brce acting between chassis and axle, the increase ofPlef will increase the Lms, and so decrease the del _L. The K will be increased as del _L is positive. As to del_L is negative, the reverse is the case.
Ordinarily, the increase of the stiffness will make the damping condition serious, to improve the vibration condition, another control loop is added.
Damping Control The ei-ctive of the active suspension system and its control method has been verified in experiment.
EXPERIMENTAL APPRECIATION
The active suspension system is experimentally appreciated in sever-al aspects.
Firstly to investigate the dynamic performance of the suspension system, the step response tests are carried out fpr all the four suspensions including the control parts.
Step response of the control system
To investigate the dynamic performance of the suspension, the response of the suspension to the step change of rekrence input Lref is measured br all the four suspensions, Fig.9 is one of typical results. The flat parts are found both as cylinder is stretched, and shortened in the response of the piston movement. That is considered as the influence of the hysteresis of leaf spring which is in parallel with the cylinder. Fig. 9 Step response of the active suspension system
Posture control performance in swing
The performance of posture control system in swinging operation is an important item for appreciating the suspension system of the wheeled hydraulic excavator. The excavator is different with the car, because that during the front of the excavator is in swing or in digging operation, the gravity center of the whole body is changed a lot. If the suspension system can not keep the posture of the body against the change, the suspension is not able to be adapted to the excavator.
The comparison of the suspension systems with and without active suspension control are carried out. degree, with the boom and arm in fully stretched state, the chassis state is greatly changed. In the case operator will kel danger, and he not continue his normal operation. Vibration Elimination performance experiment (1) (Drop and catch test) To appreciate the damping performance of the active suspension system, a drop and catch test is carried out.
The test can be explained with the Fig.15 . The inertial state of the excavator front is shown as Fig.15(a) . The boom, arm and bucket are firstly stretched in full scale as According to Fig.18 , the active suspension system shows best performance among the thr-ee type of cases. 1) The posture control performance of the model with the active suspension system can be obtained to the same extend as that of the current model of excavator, which has no suspension system.
2) The vibration Elimination performance of the model with the active suspension system is much improved compared with the current model.
